INL Technical Library

ANVAAD R

403127




The facilities of Argonne National Laboratory are owned by the United States Govern-
ment. Under the terms of a contract (W-31-109-Eng-38)between the U. S. Energy Researt':h and
Development Administration, Argonne Universities Association and The University oI'C'hlcagoy
the University employs the staff and operates the Laboratory in accordance with policies and
programs formulated, approved and reviewed by the Association.

MEMBERS OF ARGONNE UNIVERSITIES ASSOCIATION

The University of Arizona Kansas State University The Ohio State University
Carnegie-Mellon University The University of Kansas Ohio University ) )
Case Western Reserve University Loyola University The Pennsylvania State University
The University of Chicago Marquette University Purdue University

University of Cincinnati Michigan State University Saint Louis University

Illinois Institute of Technology The University of Michigan Southern Illinois University )
University of Illinois University of Minnesota The University of Texas at Austin
Indiana University University of Missouri Washington University

Iowa State University Northwestern University Wayne State University

The University of Iowa University of Notre Dame The University of Wisconsin

NOTICE

This report was prepared as an account of work sponsored
by the United States Government. Neither the United States
nor the United States Energy Research and Development Ad-
ministration, nor any of their employees, nor any of their
contractors, subcontractors, or their employees, makes any
warranty, express or implied, or assumes any legal liabil-
ity or responsibility for the accuracy, completeness or use-
fulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe
privately-owned rights. Mention of commercial products,
their manufacturers, or their suppliers in this publication
does not imply or connote approval or disapproval of the
product by Argonne National Laboratory or the U. S. Energy
Research and Development Administration.

Printed in the United States of America
Available from
National Technical Information Service
U. S. Department of Commerce
5285 Port Royal Road
Springfield, Virginia 22161
Price: Printed Copy $3.50; Microfiche $2.25



Distribution Category:
Gas Cooled Reactor Technology
(UC-77)

ANL-76-43

ARGONNE NATIONAL LABORATORY
9700 South Cass Avenue
Argonne, Illinois 60439

USE OF KRYPTON-85 FOR
THE DETECTION OF PINHOLE FAILURES
IN GCFR CLADDING
by

F. L. Yaggee, A. Purohit,
and R. B. Poeppel

Materials Science Division

May 1976






TABLE OF CONTENTS

II. USE OF KRYPTON-85 IN GCFR CLADDING STUDIES. ... .. ...
III. KRYPTON-85 CONCENTRATIONS. . . . ... .. .. ... ... ....
IV. EFFLUENT GAS ACTIVITY . . . . . . . . i ittt it i e
APPENDIXES

A. Gas Flow through an Orifice . . . . . . ... ... .. ... ... ...
B. Krypton-85 Decay Constant. . . . .. ... ... ... .........

C. System-volume Relations . . . .. ... ... ... .. ..... ...
ACKNOWLEDGMENTS . . . . . . i e e e e e e e i e e e e e

REFERENCES. . . . . . . e e e e e e e e et e e e e e e




LIST OF FIGURES

Title

Schematic of Gas Flow through GCFR Cladding Test Equipment . .
Volume Relations in GCFR Cladding Test Equipment. . . . ... ..

Viscosities of Noble Gases. . . . ., . . v v v v v v i it it

Maximum % Kr Flow Rate as a Function of Total Pressure for a

Mixture of Helium and 0.3 ppm 8Kr. . . . . ... ... ... ... ...

Flow Rates of Helium and %°Kr for a Gas Mixture Discharging

through an Orifice with a Diameter of 2.54 x 10~>cm . . ... ...

Volumes of Helium and ®*Kr Released by a Gas Mixture Dis-

charging through an Orifice with a Diameter of 2.54 x 10> cm . . .

Flow Rates of Helium and ®5Kr for a Gas Mixture Discharging

through an Orifice with a Diameter of 7.87 x 107%cm . . ... ...

Volumes of Helium and %*Kr Released by a Gas Mixture Dis-

charging through an Orifice with a Diameter of 7.87 x 10" cm . . .

Page
15
15
16
16
17
17

17



USE OF KRYPTON-85 FOR
THE DETECTION OF PINHOLE FAILURES
IN GCFR CLADDING

by

F. L. Yaggee, A. Purohit,
and R. B. Poeppel

ABSTRACT

Radioactive %°Kr is used as a tracer to detect pinhole
failures in GCFR cladding. High-purity helium (99.99% pure)
that contains 0.3 ppm %Kr is used to pressurize the tubular
test specimens, and a Geiger-Mueller counter is used to detect
85Kr in the helium environmental gas as it leaves the test cham-
ber. Under the least favorable conditions of temperature and
specimen pressure (760°C and 35.6 atm), it is estimated that
the smallest pinhole failure that could be detected within 60 s
would have an orifice diameter of 0.0102 cm (~102 pm). Using
lead shielding around the Geiger-Mueller counter to reduce
background radiation, the electronics associated with the ®°Kr
detector will terminate a biaxial creep test at 3°Kr activity lev-
els above 20 counts/min.

I. INTRODUCTION

The purpose of the present report is fivefold: (a) to describe the use
of radioactive krypton (8°Kr) for the detection of pinhole failures in GCFR
cladding, (b) to inform interested and affected parties of plans to use 8°Kr in
Room CL-103 of Building 212 at Argonne National Laboratory, (c) to acquaint
all parties of the manner in which the ®*Kr will be used and exhausted to the
building stack, (d) to define the minimum 8Kr concentration required for the
intended application, and (e) to present data in support of the view that the
quantities involved and the method of discharge will not exceed ERDA standards
for the maximum permissible concentration (mpc) of 8Kr in air. On the basis
of the information presented, it is proposed that the quantities of ®Kr to be
used will not adversely affect ANL personnel working in the immediate vicinity
of Room CIL-103 nor be detrimental to the general public.

II. USE OF KRYPTON-85 IN GCFR CLADDING STUDIES

High-purity helium tagged with parts-per-million quantities of 8°Kr will
be used to internally pressurize tube specimens during the mechanical-property



studies of Gas-Cooled Fast Reactor (GCFR) cladding. Short-term burst and ]
long-term biaxial creep tests will be conducted in a helium environment flowing
at a volume rate of 400 cc/min. These tests will encompass a temperature
range between 538 and 760°C, and the specimens will be subjected to intfzrr‘lal
pressures between 526 and 7853 psig. The test apparatus was used in similar
studies on Liquid Metal Fast Breeder Reactor (LMFBR) cladding and has been
described in detail elsewhere.! A simplified representation of the overall

test system is shown in Fig. 1.
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Fig. 1. Schematic of Gas Flow through GCFR Cladding
Test Equipment. Neg. No. MSD-62620.

The test apparatus accommodates 32 specimens arranged in four
bundles or clusters, each containing eight specimens. The eight specimens
of one bundle are attached to a common manifold and are pressurized simul-
taneously from a l-liter, high-pressure gas-storage vessel. Each specimen
bundle is pressurized from a different gas-storage vessel, and each pressur-
izing system contains a pressure gauge with electrical contacts. When speci-
men failure results in a drop in pressure, the closing of the electrical contacts
actuates the solenoid valve in the pressurizing line, which automaticallyisolates
the specimen bundle from its high-pressure gas source. When specimen
failure by wall perforation is so small that 85Kr can leak out without a drop in
specimen pressure, the Geiger-Mueller (G-M) counter in the effluent gas
stream will detect the ®°Kr activity and also initiate the closing of the solenoid
isolation valve. Therefore, the %*Kr tracer released to the test chamber will
be exhausted to the building stack through a 3/8-in.-outside-diameter (OD)
copper exhaust line.

The environmental gas is commercial high-purity helium that contajng
a maximum of 156 ppm H,. It is supplied by four gas bottles, each at 2649 psig



pressure, and each contains ~285 ft’ (8067 liters) of gas at standard tempera-
ture and pressure (STP) conditions. The environmental gas contains a maxi-
mum of 38 ppm H,0 before it enters the test chamber through a 3/8-in.-OD
copper line. A regulated supply-line pressure of 5-20 psig is expected to
produce the 400-cc/min gas flow rate through the test chamber, which will
operate at or near atmospheric pressure (0-10 in. of H,O). The check valve
in the supply line will prevent back-pressure surges and possible 3*Kr flow
toward the environmental gas supply.

The 156 ppm of H, in the environmental helium gas is well below the
8% H, concentration that has been found inherently safe with respect to explo-
sion hazard when mixed with air in all proportions.?’> The subsequent addition
of 38 ppm H,O is not expected to adversely affect the inherently safe character
of the environmental gas mixture. Argon-H, mixtures will be avoided because
of the potential explosion hazard identified with certain H, concentrations.*

The bottles of helium gas that supply the gas environment will be re-
plenished in pairs to avoid unscheduled test interruptions. The depletion rate
of gas-bottle pairs at a gas flow rate of 400 cc/min will be

(2 x 8067 x 2525/2600) + (0.4 x 60 x 24) = 27 days.

Therefore, the environmental gas bottles will be replaced in pairs at 27-day
intervals.

III. KRYPTON-85 CONCENTRATIONS

Test specimens will be pressurized with ahelium-8Kr gas mixture that
contains-0.3 ppm %°Kr supplied by a standard gas cylinder at 2200 psig pressure.
The total gas volume at STP is 213 ft* (6029 liters). The 2.7-Ci activity level
of the cylinder will be below the 3-Ci/cylinder activity limit imposed by trans-
portation regulations, All quantities of 8°Kr released to the test chamber will
be exhausted, with the environmental gas, to the atmosphere through the build-
ing stack. The rationale and the calculation methods used in this assessment
are given in Appendixes A-C and Figs. 2-8 (in Appendix C).

Figure 4 shows the initial or maximum %Kr flow rates as a function of
total pressure for two orifice sizes. These data assume a 0.3-ppm %°Kr con-
centration in helium and encompass the temperature and pressure ranges of
interest, namely, 538-760°C and 523-7853 psig. Pinhole-type cladding failures
are simulated by orifice diameters of 2.54 x 10™* and 2.54 x 1073 cm. (Here-
after, to facilitate calculations, specimen pressures will be given in atmo-
spheres or dynes/cm?.*) Data in Fig. 4 indicate that, for a given orifice size
(2.54 x 107> cm), the greatest difficulty encountered in the detection of pinhole~
type specimen failures will be at the lowest specimen pressure and the highest

*1 arm = 14.696 psi = 1.0132 x 106 dynes/cm?2,



specimen temperature. Since cladding failure by violent rupture is oftefl .
preceded by a pinhole leak, rapid detection of the smallest pinhole leak 1? im-=
portant to the study of failure mechanisms.® In all the following calculations,
rapid and complete mixing is assumed between the 85Kr released from the
specimen and the environmental gas in the test chamber.

Figure 5 shows that, at 760°C and a specimen pressure of 35.6 atl‘rn, the
85Kr flow rate through an orifice with a diameter of 2.54 x 1073 ¢ remains
essentially constant for the first 1000 s and then begins to decrease apprecia-
bly. Figure 6 indicates that the volume release of helium and 85Kr to the test
chamber through a cladding pinhole failure of the same orifice size is also
constant during the first 1000 s. Since the flow rate of the environmental gas
past the G-M counter located in the effluent gas stream is 400 cc/min, the
85K r released to the test chamber will be swept past the detector at the same

rate.

The capability of the G-M counter to detect a specimen failure of this
size depends upon the concentration of 85Kr passing the counter per minute and
the counter efficiency. The latter is affected by the estimated 50% areal trans-
parency of the stainless steel window in the counting chamber (5.08 x 107* cm
in diameter by 7.62 x 10”% cm thick) and the efficiency with which the counter is
shielded against normal background radiation. For a totally unshielded counter,
the normal background radiation produces ~200-400 counts/min. The gas-
exhaust system is constructed so that 100% of the effluent gas stream passes
the G-M counter.

Figure 6 shows that 3.1 x 10~8 liter of 8®Kr and 6.5 x 107? liter of helium
will be released to the test chamber during the first 60 s through a pinhole
failure with an orifice diameter of 2.54 x 10™> cm when a specimen is pres-
surized to 35.6 atm. Since both these volumes are small compared with the
15-liter test-chamber volume, %°Kr dilution will be determined solely by the
volume of the test chamber. The activity of the ®*Kr released to the test
chamber and the capability of the G-M counter to dectect the activity can be
determined by using the decay constant for ®*Kr from Appendix B [A = 1.22791 x
10”7 disintegration per minute (dpm)/atom %°Kr].

(a) Activity of ®*Kr released to the test chamber in 60 s

[®3Kr (liters) x A x 6.03 x 10®] = 22.4 = dpm
(3.1 x 1078 x 1,22791 x 10°7 x 6.03 x 10%®) =+ 22.4 = 1.02 x 108 dpm.

(b) Concentration of ®*Kr in the test chamber in 60 s

85Kr activity x dilution factor = dpm/liter

(1.02 x 10%) x (3.1 x 1078 = 15) = 2.11 x 10~" dpm/liter.



(c) Activity ¥®Kr passing G-M counter in 60 s

85Kr concentration x flow rate = dpm

2.11x 107' x 0.4 = 8.44 x 107% dpm.

Considering a 50% areal transparency of the window in the counting
chamber, the 8Kr activity detected by the G-M counter will be 0.5 x 8.44 x
1072 = 4,22 x 107% dpm. This level of activity would not be detected by the
G-M counter, even when the counter is heavily shielded. (A 2-in.-thick lead
shield around the G-M counter is expected to reduce background radiation to
~10 counts/min.) Since a factor-of-10 increase in orifice size produces a
10* increase in flow rate (Fig. 4), the diameter of the smallest pinhole failure
detected within 60 s under least favorable conditions of temperature and speci-
men pressure (Figs. 5 and 6) is estimated to be ~1.02 x 1072 cm. The ®Kr
activity released by an orifice of this size and detected by the G-M counter is
given by (R3 + R}) x 4.22 x 1072 dpm, where R, and R, are the radii of the ori-
fice. Thus, the ®Kr activity detected by the G-M counter during the first 60 s
after the pinhole failure occurs is

1.06 x 10~° . :
T eol i 18_12 x4.22 x 10 = 17.2 dpm.

The mpc level for 85Kr discharged to the atmosphere is limited to
6.66 x 10?2 dpm/liter by ERDA regulations.® Using a 2.12 x 10* ventilator dilu-
tion factor? (750-cfm airflow) and a 10° stack dilution factor,® the 8Kr concen-
tration exhausted to the stack, and subsequently to the atmosphere within the
Laboratory perimeter, in the first 60 s will be:

(a) Stack

[17.2 (dpm) = (flow rate)] x ventilator dilution
(17.2 = 0.4) x 2.12 x 107* = 9,11 x 10~? dpm/ liter.

(b) Atmosphere within Laboratory perimeter

9.11x 1073 x 1 x 107% = 9,11 x 10~® dpm/liter.

These quantities are 1.37 x 107% and 1.37 x 10°1° mpc, respectively, and re-
main essentially constant for 1000 s and then decrease (Figs. 5 and 6). There-
fore, the release of these concentrations of 85Kr to the atmosphere are of no
consequence to the environment.

IVv. EFFLUENT GAS ACTIVITY

The largest 8Kr concentrations exhausted to the afmosphere with the
effluent gas stream will occur after simultaneous failure by violent rupture
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of several specimens in each of the four specimen bundles and by malfunction
of the isolation valve in each pressurizing system (Fig. 2). Should these un-
likely events occur, the entire gas mixture of high-pressure helium and

0.3 ppm 85Kr in each of the four storage vessels will discharge into the tf?St
chamber. The depressurization of a single gas-storage vessel at an initial
pressure of 534.36 atm is characterized by the curves in Figs. 7 and 8. The
chronology of events during such rapid depressurization is expected to be as

follows.

The high flow rate that results from the sudden release of the helium-
85Kr gas mixture will cause the check valve in the environmental gas supply
line to close and prevent back-streaming of 85Kr to the environmental gas
source. Since the test chamber operates essentially at atmospheric pressure,
the discharging gas will exhaust continuously to the stack. Assuming each of
the four storage vessels are at the maximum pressure of 534.36 atm when the
event occurs, the discharges of helium and 8Kr to the stack can be determined
by means of Figs. 7 and 8. Figure 7 shows that flow rates for helium and %Kr
will be 5.2 x 10® and 3.2 x 10~? cc/s, respectively, and will remain relatively
constant for the first 60 s of the depressurization. Depressurization is com-
plete in ~420 s (~7 min). Furthermore, the volume of helium discharged from
each storage vessel is larger by a factor of 345 than the test chamber volume;
therefore, the **Kr dilution factor is essentially that represented by the gas
mixture of helium and 0.3 ppm %°Kr.

The volumes of helium and %Kr released to the room ventilator duct
will be a maximum during the first 60 s of depressurization and then will de-
crease significantly over the succeeding 3600 s (60 min), as indicated in Fig. 7.
Figure 8 shows that the volumes of helium and ®Kr released from each storage
vessel to the room-ventilator duct during the first 60 s will be 2.5 x 10% and
5.6 x 107° liters, respectively, and the helium dilution factor will be the ratio
of these volumes (2.24 x 1077),

(a) ®°Kr activity at the ventilator duct in 60 s

(4 x5.6x107°x6.03 x 10 x 1.22791 x 10~7) + 22.4 =
7.40 x 10"} dpm.

(b) ®°Kr concentration at the ventilator duct in 60 s

(7.40 x 10" = 0.4) x 2.24 x 10™" x 2.12 x 10~* =
8.78 x 10" dpm/liter =~ 1.3 x 10~ mpc.

(c) B°Kr concentration released to the atmosphere in 60 s

8.78 x 10" x 1 x 107° = 8.78 x 10~* dpm/liter =~ 1.3 x 10°* mpc.
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During the second 60 s of storage-vessel depressurization, ~6 x 10%
liters of helium and 1.68 x 10™% liter of ®°Kr will be exhausted to the stack, and
the helium dilution factor will be ~2.8 x 10~7. The ®Kr concentration released
to the atmosphere will be 8.06 x 10~* dpm/liter or 1.21 x 10-¢ mpec. For all
subsequent 1-min intervals to complete depressurization of all storage ves-
sels, the amount of 8°Kr released will diminish; therefore, the atmospheric
concentration should never exceed or approach the 6.66 x 10°~-dpm/liter mpc
set by ERDA regulations. Additional precautions will be taken to ensure safe
utilization of the radioactive ¥Kr gas species and will also include the
following:

1. The entire system (Fig. 1) will be checked for helium tightness at
pressures up to 15 psig. This will ensure complete containment of the 3°Kr
within the test apparatus before it is discharged to the stack.

2. No more than two storage vessels will be in operation at any one
time at the maximum pressure of 534.36 atm.

3. Equipment operators and other personnel occupying Room CL-103
will be required to carry radiation monitors.

4, Air monitors will be used in Room CL-103 as recommended by the
Building 212 radiation-safety representative.

5. All lines will be purged with 100% helium gas before the apparatus
is opened at the conclusion of each test run or when a test run is interrupted.
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APPENDIX A

Gas Flow through an Orifice

It is assumed that helium and ®*Kr flow rates through an orifice at
elevated temperature are adequately represented by’
4

nPdR

Flow rate = —?ﬁ]—cc/s, (A.1)

where
P4 = pressure difference across orifice, in dynes/cmz;
R = orifice radius, in centimeters;
4 = orifice length, in centimeters;
and
TN = gas viscosity, in poises.

Flow-rate calculations derived from Eq. A.l assume that a circular
orifice is an adequate simulation of a pinhole-type specimen failure. Since
pinhole failures in LMFBR cladding occur at low diametral strains (~4%),’
the orifice length (1) is taken as 4.389 x 107% cm (~0.96 x specimen wall).
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APPENDIX B

Krypton-85 Decay Constant

Decay of any radioactive atom species is given by

N = N, exp(-\t), (B.1)
where
Ny = number of radiocactive atoms at reference time t;
N = radioactive atoms after time At;
and
A = decay constant, in dpm/atom.

Rewriting Eq. B.1 and setting No/N = 2 when t;;, = 10.74 yr, A is calculated
as

>
I

(Pn 2) = (10.74 x 365 x 24 x 60),

or

>
"

1.22791 x 10”7 dpm/atom.



14

APPENDIX C

System-volume Relations

A simplified representation of one of four specimen-pressurizing 8Y8-
tems in the Mark-II Biaxial Creep Tester is shown in Fig. 2. During long-
term biaxial creep tests, each of the four gas-storage vessels (Vgg) operates
at a different pressure (P, > P, > P; > P,) and each pressurizes a sepaI"ate
bundle of eight specimens. Approximately 100 in. of high-pressure tub1ng.
connects each specimen bundle to its high-pressure gas source. A solenoid-
actuated valve isolates each specimen bundle from its high-pressure gas
source when specimen failure has occurred. About 80-85% of the volume of
each specimen is displaced with a solid slug to reduce the volume of high-
pressure gas within the specimen. This approach eliminates deformation
after specimen failure has occurred while the high-pressure gas is being

dissipated.

Storage-vessel volume (Vgy) 1 liter
Specimen volume (Vg) 3.50 cc
Pressure-line volume (VpL) 1.24 cc
Displacement-slug volume (Vgg) 2.87 cc

Veys = Vey t Vpp t (Vs - Vgs),

and

Vv ®0.99 Vgys,

where Vsys is the system volume. Ideal gas behavior is assumed for the
helium-%Kr gas mixture, because both gas species have relatively low critical
pressures (P.) and temperatures (T;).® (For helium, P, = 2.26 atm and

Te = -269.9°C; for ®Kr, P, = 54.3 atm and T, = -63.8°C.)

The gas viscosity data in Fig. 3 (Ref. 9) and Eq. A.1 are used to calcu-
late helium and ®Kr flow rates (cc/s) and volumes (liters) released to the
test chamber as a result of specimen failure or sudden depressurization fol-
lowing equipment malfunction. Maximum 85Kr flow rates in a gas mixture
that contains 0.3 ppm %°Kr are plotted in Fig. 4 as a function of total system
pressure. These data encompass the temperature range 538-760°C and the
pressure range 35.6-534.36 atm for flow rates through orifices with diameters
of 2.54 x 107" and 2.54 x 107* cm. Figure 4 shows that the **Kr flow rate (a)
increases by a factor of 15 as the system pressure increases from 35_¢ to
534.36 atm at constant temperature and orifice size, (b) decreases by a factor
of 1,17 as the gas temperature increases from 538 to 760°C at constant system
pressure and orifice size, and (c) increases by a factor of 10* for a factor- of-
10 increase in orifice size, at constant gas temperature and pressure,
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Figures 5 and 6 show the flow rates of helium and 85Kr and the volumes
of both gases released as a function of time through a pinhole-type specimen
failure simulated by an orifice with a diameter of 2.54 x 107> cm. These data
are used to assess the capability of the G-M counter to detect pinhole-type
specimen failures.

Figures 7 and 8 show the flow rates of helium and ®*Kr and the volumes
of both gas species released as a function of time during sudden depressuriza-
tion following equipment malfunction. These data are used to assess the maxi-
mum level of 8°Kr activity released to the atmosphere through the Building 212
stack.
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Fig. 5. Flow Rates of Helium and 85Kr for a Gas Mixture
Discharging through an Orifice with a Diameter
of 2.54 x 10~3 cm. Neg. No. MSD-62623.
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